We use the relativistic light-front quark model to show that both strong and radiative D * decays are in good agreement with the 1992 CLEO II results. In particular the coupling for D * → Dπ is consistent with the experimental upper limit. The key point is the relativistic treatment of the quark spin.
Introduction
The D * decays has been under both theoretical and experimental investigation for quite a long time [1, 2, 3, 4, 5, 6, 7, 8, 9] . The strong D * decays, D * → Dπ, can be described by the lowest-order (in external momentum) effective Lagangian
whereD andD * are the D and D * isodoublet fields, and τ is the isospin matrices.
The decay width of D * + → D 0 π + , for example, reads
The radiative D * decays D * → Dγ, on the other hand, can be described by the decay amplitude
where eµ/2 is the transition magnetic moment, and ξ α and ǫ ν are the polarization vectors of the photon and the D * meson, respectively. The radiative decay width is
In many theoretical studies [4, 5] people use the non-relativistic quark model to calculate the radiative D * decays while they use various modifications of the SU (4) symmetry method for the strong D * decays. Obviously, the treatment of the strong and the radiative D * decays is not on the same footing.
However one can also use the quark model to calculate the strong decays. Through the PCAC relation one can relate the strong coupling g to the axial-current form
Here A 0 is one of the four form factors used to describe the matrix element of a vector meson V decaying to a pseudo-scalar meson X by the quark transition Q ′ → Q:
where ǫ is the polarization vector of the vector meson, q = p V − p X , and
In Eq. (5), A
In the non-relativistic quark model, one obtains g ≃ 1 [10] . In a rather different model, the BSW model [11] , one has [5] 
where φ(x, k ⊥ ) is the momentum wavefunction. Since the wavefunctions of the D and D * are quite similar, this model also has g ≃ 1. In fact, in the heavy c-quark
should be exactly the same, due to the heavy quark symmetry, and hence in the BSW model, g = 1 in this limit. These results of g are, however, larger than the upper limit of g obtained from the ACCMOR measurement
There have been some recent studies on the D * decays [6, 7, 8, 9] . In ref. [6] the radiative D * decays are treated with the non-relativistic quark model but the strong coupling g is related to the quark-level axial-current form factor g Thus the coupling g is g = g ud A = 3 4 . In refs. [7, 8] heavy-meson chiral-perturbation theory [12, 10] is used and all the D * decays can be described by two parameters. These parameters are the couplings of the chiral Lagrangian and can therefore be determined only by fitting the experimental data. In a recent study [9] , the radiative decays are calculated using the vector-dominance hypothesis while the strong coupling g is extracted from the data on the decay D → πeν e using heavy-meson chiral-symmetry relations. The central value obtained for g is g ≈ 0.4.
In this study the uncertainties associated with assumptions on the f + form factor of D → πeν e and on the decay constant f D , etc., could be large. A value of g ∼ 0.4 is also obtained [13] in a numerical solution to another type of relativistic quark model [14] .
The failure of the non-relativistic quark model and the BSW model in explaining g < 0.7 has its roots in the non-relativistic treatment of the quark spin in these models. In this letter, we present a calculation of the strong and radiative decays of D * using the relativistic light-front quark model [15, 16, 17] . In our calculation we are able to treat on the same basis both the strong and radiative decays. Due to the relativistic treatment one can see unambiguously how the strong coupling g can be consistent with the limit in Eq. (9). Our calculated branching ratios for the strong and radiative decays are in good agreement with the 1992 CLEO II measurement [3] .
The light-front relativistic quark model
The relativistic light-front quark model was developed quite a long time ago and there have been many applications [15, 16, 17] . Here we give a brief introduction.
A ground-state meson V (Qq) with spin J on the light front can be described by the state vector
In the light-front convention, the quark coordinates are given by
The quantities x 1,2 and k 2 ⊥ are invariant under the kinematic Lorentz transformations. Rotational invariance of the wave function for states with spin J and zero orbital angular momentum requires the wave function to have the form [15, 16] (with
where
is the Clebsh-Gordan coefficient and the rotation R M (k ⊥ , m i ) on the quark spins is the Melosh rotation [18] :
where n = (0, 0, 1), σ is the Pauli spin matrix, and
The spin wave function R J,J 3 (k ⊥ , λ 1 , λ 2 ) in Eq. (13) can also be written as
where S J,J 3 is defined by
For the pseudoscalar and vector mesons,
The explicit expressions of U 1,J 3 in Eq. (16) can be found in ref. [17] .
The matrix element of a vector meson V (Q ′q ) decaying to a pseudo-scalar meson
In Eq. (19), we choose q + = 0 so q 2 = −q 2 ⊥ . In contrast to Eq. (19), the matrix element in the BSW model is given by
Eq. (19) is in fact expected to be valid only for "good" currents such as Γ = γ + , γ + γ 5 , . . . . There are contributions other than the one given in Eq. (19) if a current is not a "good" current [16] .
Using the "good" currents Γ = γ + γ 5 , γ + and Eq. (19), we obtain the following expressions for the form factors A 0 (0) and
Here, M V 0 corresponds to Eq. (15) for the meson V . The meson wave functions φ(x, k ⊥ ) are model dependent and difficult to obtain; often simple forms are assumed for them. One possibility is to use the wavefunction adopted in [11] 
where M is the mass of the meson. In [16] a Gaussian type of wavefunction was used,
where k z is defined by we first look at the form factor A 0 (0) of the transition Q → Q. In this case Eq. (22) reduces to
and
Generally T A 0 < 1 since it comes directly from the Melosh rotation. Let us consider two limiting cases for the transition quark Q. If the transition quark Q is infinitely heavy while the spectator quark is light, x → 1, and therefore the third term in the numerator of T A 0 vanishes. Thus
as required by the heavy quark limit. Note in this case q 2 = q 
Since both k To calculate the radiative decays D * → Dγ, one can express µ in Eq. (3) in terms of the form factor V (0)
where 
To calculate Vc c (0), V(0), and g, we use the two wavefunctions given in Eqs.
(25) and (26) should be around 0.40 ∼ 0.50GeV. These values are similar to those taken in [11] and [16] .
The dependence of VQ Q (0) on the quark mass m Q is similar to that in the nonrelativistic quark model [19, 20] : 
Conclusion
In this letter we have presented a calculation of both strong and radiative D naturally down to the measured value [22] .
Figure:
The dependence of the coupling g on the light-quark mass m and ω in Eqs. (25) and ( 
